The modern ophthalmology is completely dependent on digital image processing to find out the remarkable symptoms for diagnosing the severe cardiovascular disease such as hypertensive retinopathy, and transient ischemic attack that are related to the changes of the retinal microvasculature. Employing the image segmentation techniques, the abnormalities in retinal microvasculature like vessel tortuosity, cotton wool spots, and vessel caliber can be extracted which are recognized as the salient symptoms for the abovementioned cardiovascular diseases. In this paper, an automated method for retinal image segmentation has been proposed. The proposed method was developed employing the thresholding based Iterative Self-Organizing Data Analysis Technique (ISODATA) for image segmentation combining with other existing image preprocessing techniques. The performance of the proposed method was evaluated on the healthy patient image set of (High-Resolution Fundus Image Database) HRFID. This newly developed algorithm achieved 94.3% accuracy with 97.86% specificity and 0.0054 standard deviations. The proposed algorithm can be integrated as the computer-aided clinical diagnostic tool to facilitate the ophthalmologist with further evaluation and validation.
I. INTRODUCTION
Many severe cardiovascular diseases can be diagnosed by analyzing some remarkable features of retinal microvasculature that are extracted from retinal images. The bifurcation angle, branching coefficient, vessel tortuosity, haemorrhages, Cotton Wool Spot (CWS), arteriovenous nicking, microaneurysm, hard exudates, and vessel widening and narrowing are some of the features of retinal microvasculature that are considered as the symptoms of dangerous cardiovascular diseases like stroke [1] , [2] , [11] , [3] - [10] .
To identify the abnormalities of retinal morphology, segmentation of the retinal image is a crucial step. Segmentation of an image is the process of splitting an image into its distinctive element to detect the Region of Interest (ROI) which makes the image more meaningful and easier to analyze [12] . [13] developed a segmentation method based on mathematical morphology and K-means clustering which was evaluated on DRIVE dataset and obtained 95.10% average accuracy. An automatic retinal vessel segmentation method based on multiscale feature extraction was developed by [14] . This method was tested on two publicly available databases and obtained 75.05% and 72.46% True Positive Rate (TPR), and 4.38% and 3.45% False Positive Rate (FPR) for both databases respectively. [15] proposed a probabilistic tracking method to identify retinal blood vessels in which local grey level statistics and vessel continuity properties were used to detect vessel edge points iteratively. [15] evaluated their proposed method on Retinal Vessel Image Set for Estimation of Width (REVIEW) database and obtained 92.5% TPR and 6.21*10 -5 FPR. [16] developed an automated 978-1-7281-3494-9/19/$31.00 ©2019 IEEE retinal image segmentation method based on 2-D Gabor wavelet and multi-layered thresholding technique that obtained 94.85% average accuracy. Martínez-Pérez et al. [17] presented a method for the segmentation of retinal blood vessels based on the scale-space analysis of the first and second order derivatives on the intensity images that solved the variations problems in contrast to inherence in these images. To extract the retinal microvasculature [18] proposed an algorithm based on multi-scale line tracking and morphological post-processing which was evaluated on the DRIVE database and obtained 0.929 average accuracy with 0.747 sensitivity and 0.955 specificities.
Development of retinal image segmentation method is critically important to extract the qualitative as well as the quantitative features of the retinal microvasculature. To extract the quantitative image features such as bifurcation angle and vessel width segmented retinal images need to go through further processing. In this instance, the output segmented images must be more compatible for further processing and it is still a challenging issue to be solved. There is a limitation of available segmentation method to generate more consistent resultant of images of different modalities such as noisy, pathological and high-resolution images In this study, a classification-based segmentation method, the ISODATA method [19] , was investigated and then employed to develop an automated retinal image segmentation algorithm. ISODATA method is an unsupervised classification algorithm that generally used in medical image processing and remote sensing [20] . The ISODATA classification method is basically the refinement of the K-mean clustering algorithm that overrides clusters with very few numbers of attributes, splits the cluster with many attributes into two clusters, merges two clusters which centroids are very close to each other. Generally, the ISODATA algorithm assigns an initial threshold value and then classifies each pixel to the nearest classes. Further Gaussian distribution is employed to estimate the mean values μ1 and μ2 of each class. This process keeps iterating and if the change of the mean values between two iterations is very small then this process stops its iteration [21] . The distinct difference between Kmeans and ISODATA algorithm is that the number of clusters in K-means algorithm remains same throughout the clustering process while ISODATA algorithm can automatically adjust the number of clusters during iteration by splitting clusters with large standard deviations and merging the clusters which centroids are very close to each other. The ISODATA algorithm is more flexible than K-means algorithm as the clusters are adjusted dynamically in the ISODATA algorithm. The outcome of the ISODATA algorithm depends on two specific parameters that are distance threshold for merging and splitting the clusters [22] . This paper contributes including the i) proposed methodology for retinal vessel segmentation based on ISODATA method, ii) evaluation of the performance of the proposed retinal vessel segmentation method utilizing different measurement metrics, iii) and demonstrating the empirical comparison of the obtained performance of the proposed method and other existing retinal vessel segmentation method that developed based on different image processing techniques and evaluated on the healthy patient image set of HRFID.
Section II of this paper describes the proposed methodology for developing the retinal vessel segmentation algorithm. The experimental result is described in Section III and Section VI includes the experimental discussion. The conclusion of the paper is added in Section V.
II. METHODOLOGY
A new algorithm for retinal vessel segmentation was designed based on the ISODATA method. Figure  1 illustrates the proposed algorithm of retinal vessel segmentation. In the image acquisition stage, input images were acquired from HRFID and REVIEW database to test the proposed algorithm. At the initial step of image preprocessing, the input image was converted to a green channel image. Further, the green channel image was enhanced by applying the image enhancement technique, Contrast Limited Adaptive Histogram Equalization (CLAHE) with multiple parameters. Next, the standard average filter was applied to exclude the unnecessary pixel information from the input image. A square sized kernel was used for sampling the shape and size of the neighborhood pixels to perform the convolution with the input image that produces the resultant image excluding the unnecessary information. In this proposed algorithm a larger kernel had been used to smoothen the image more intensively. 978-1-7281-3494-9/19/$31.00 ©2019 IEEE
A. Image Segmentation
For thresholding, in this algorithm ISODATA method [23] was employed which computes a global image threshold. ISODATA method computes the means of the classes of image data which are evenly distributed in the image data space. Further, this method employs a minimum distance technique to cluster the residual pixels in that image space. The new means of the classes of image data calculated by the latest iteration are used to calculate and classify the remaining pixel of the input image repeatedly in each further iteration. The input threshold parameters used in the ISODATA method are responsible for splitting, merging and deleting the classes of the pixels iteratively. The ISODATA method is highly heuristic and the parameters selection should be empirical as the wrong parameters lead to the performance of the algorithm to be poor. The considered parameters for the employed ISODATA method in this proposed algorithm for retinal vessel segmentation are listed below, Ao = Expected total number of clusters, U = cluster, where each cluster is denoted as Ui … Uj. X min = Minimum number of samples in each cluster that considered to override the clusters σ 2 max = Maximum Variance considered to split the clusters with large attributes, Ymin = Minimum distance between the cluster pairs considered for merging the clusters which centroids are close to each other. ɛ = Criterion for stopping the iteration. Q = number of iterations accepted. Here A = Ao was considered as the cluster of initial mean vectors {P1… … Pk} from the image data matrix and Z was assigned as data points to the cluster with the closest mean which is illustrated by the equation (1),
If the minimum number of samples X min is greater than X j, X min> X j, the ISODATA algorithm overrides the cluster Uj and then reassigns the samples of Uj to another cluster ← − 1. , (1 ≤ , ≤ , > ) (6) If the Bhattacharyya distance between every two clusters mean vectors satisfy the condition, < then the corresponding two cluster is merged and form a new cluster mean vector following the equation (7) . In this case, Pj is ignored and assign the total cluster number ← − 1.
If the stopping criteria, the threshold value for the change of pixel class, achieved then this segmentation procedure stop its iteration. Suppose when the Q iterations are performed or after certain iteration if the conditions below satisfy the ISODATA algorithm stops its iteration.
U(A) = U (A-1)
(a) And | ( ) − ( − 1)| < ɛ (b) According to the condition (b) if the total change in the position of the cluster centers goes below the stopping criterion, ɛ the iteration for the ISODATA segmentation algorithm is stopped.
To compute the accuracy of the applied segmentation technique the parameters of True Positive (TP) value, True Negative (TN) value, False Positive (FP) and False Negative (FN) were computed. Then the accuracy, sensitivity, and specificity were calculated following the equation 8,9, and 10 respectively,
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III. RESULTS
The output image of this proposed segmentation method is in the format of the binary image that was tested on the healthy patient image set of the High-Resolution Fundus Image Database (HRF) and then compared the obtained result with other existing works. Figure 2 shows the result of the segmentation method based on ISODATA thresholding that tested on HRFID.
To evaluate the performance of this proposed algorithm the healthy patient image set of HRFID was chosen. The obtained result of the proposed algorithm was compared with the manual result provided in the healthy patient dataset of the HRFID and some other existing method for retinal vessel segmentation method [24] - [27] . Table 1 shows the obtained result of the proposed segmentation method on the healthy patient image set of HRFID. The results are categorized as Accuracy, Sensitivity (Se), and Specificity (Sp) of the proposed algorithm. The HRFID provided 15 images for the healthy patient image set. The tested image identity, accuracy, Se, and Sp are explained in column 1 to 4 and row 2 to 16 of table 1. In table 1, the row 17-20 provide the average values, standard deviations, maximum and minimum values for the column 2-4 respectively. Table 2 describes the performance comparison of the proposed and existing segmentation methods that were evaluated on the healthy patient image set of HRFID. Column 1, 2, and 3 of Table 2 describe the used dataset, authors name, and the employed methods respectively. The obtained result as accuracy, Se, and Sp of the proposed and existing methods are described in the column 4-6 of table 2. 
IV. DISCUSSION
This proposed algorithm has been evaluated on the healthy patient image set of HRFID as the preliminary work of future development of retinal image segmentation algorithm. The proposed algorithm has come out with the accuracy of 94.3%. and 0.0054 standard deviations. This applied segmentation technique shows 66.5% sensitivity and 97.86% specificity. It is seen from the performance comparison in Table 2 , the accuracy of the proposed algorithm is comparable with the other existing techniques. Most of the existing works do not produce good segmented image output for the noisy and highresolution images input. The segmented output image for noisy and high-resolution retinal images obtained from the existing retinal image segmentation techniques was found as less compatible for the further process such as feature extraction. While the proposed method for retinal image segmentation provides a good segmentation resultant image for the noisy and high-resolution image, which is more compatible for further processing such as extracting qualitative and quantitative features of the retinal image. To validate this, amongst the existing retinal vessel segmentation methods the recently developed retinal image segmentation method based on Otsu thresholding by K.Kilpli et al., [27] had been tested for all the images from VDIS of REVIEW database and the resultant segmented image was not found as more compatible for further processing. The Figure 9 (a) and 9 (b) shows the segmentation results of K.Kipli et al., [27] and Figure 9 (c) and 9 (d) shows the segmentation result of the proposed ISODATA thresholding based segmentation method for the same images from VDIS of REVIEW database respectively. Analyzing the Figure 3 it is observed that the segmented output image of the proposed method for retinal image segmentation based on ISODATA thresholding seems more coherent than the output segmented image of the recently developed retinal image segmentation algorithm by [27] based on the Otsu thresholding. The performance of the retinal image segmentation method of [27] and the proposed method is almost similar in terms of accuracy, sensitivity, and specificity. The average time taken by the proposed segmentation method was 23.7595 seconds for the execution of each image of HRFID. It was seen that the average time taken for the method of [24] was 92 seconds. The recorded time for [26] system was less than one minutes and the time taken for [25] was less than 25 second. The method of [27] took 23.77402 seconds for average execution of the system. According to the above analysis, it is seen that the execution time of the proposed segmentation method was satisfactory as it was found less time-consuming. There are very few algorithms had been developed for retinal image segmentation based on ISODATA method. As it is found as more suitable for further processing, the proposed algorithm is interesting that can be integrated in ophthalmic diagnostic tools.
V. CONCLUSION
In this study a new retinal image segmentation algorithm has been developed based on ISODATA method. The proposed algorithm has found as robust and consistent that can be compared with the existing retinal image segmentation method and the output of this proposed algorithm can also be used for further analysis to extract the remarkable retinal image features. As an automated retinal vessel segmentation algorithm, this method can be embedded into the modern diagnosis tool that can detect some severe cardiovascular diseases after further evaluation and validation.
